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AERONAUTIC SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 
~ 
Metric ;- English 
Symbol 
Unit Abbrevia.- Unit Abbrevia-tion tion 
Length ______ 1 meter __________________ m foot (or mile) _________ ft (or mi) Time ________ t second _________________ B seoond (or hour) _______ seo (or hr) 
Force ________ F weight of 1 kilogram _____ kg weight of 1 pound _____ Ib 
Power _______ P horsepower (metric) _____ 
----------
horsepower ___________ hp 
Speed _______ V {kilometers per hour ______ kph miles per hour ________ mph meters per second _______ mps feet per second ________ fps 
2. GENERAL SYMBOLS 
Weight=mg 
Standard acceleration of gravity=9.80665 m'lfl' 
or 32.1740 ftLsec! 
Mass=W g 
Moment of inertia=mk'. (Indicate axis of 
radius of gyration k by proper subscript.) 
Coefficient of viscosity 
v Kinematic viscosity 
p Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg_m-4_s2 at 15° d 
and 760 mm; or 0.002378 Ib-ft-4 seci 
Specific weight of "standard" air, 1.2255 kg/ma or 
0.07651 IbLcu ft 
3. AERODYNAMIC SYMBOLS 
Area 
Area of wing 
Gap 
Span 
Chord 
b' Aspect ratio, S 
True air speed 
Dynamic pressure, !p V' 
Lift, absolute coefficient OL= q~ 
Drag, absolute coefficient Ov= q~ 
Profile drag, absolute coefficient ODO=~ 
Induced drag, absolute coefficient ODt=~ 
Parasite drag, absolute coefficient ODP= ~S 
Cross-wind force, absolute coefficient 00 = ~ 
ill) 
i, 
Q 
n 
R 
Angle of setting of wings (relative to thrust line) 
An~le of stabilizer setting (relative to thrust 
line) 
Resultant moment 
Resultant angular velocity 
Reynolds number, p Vl wherelis a linear dimen-
JL 
sion (e.g., for an airfoil of 1.0 ft chord, 100 mph, 
standard pressure at 15° C, the corresponding 
Reynolds number is 935,400; or for an airfoil 
of 1.0 m chord, 100 mps, the corresponding 
Reynolds number is 6,865,000) 
Angle of attack 
Angle of downwaah 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero-
lift position) 
Flight-path angle 
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TANK INVESTIGATION OF A POWERED DYNAMIC MODEL OF A LARGE 
LONG-RANGE FLYING BOAT 
By John B. P arkin on, Roland E. Olson, and Marvin 1. Barr 
S MMARY 
Principles jor designing the optimum hull jor a large long-
range jlying boat to meet the requirement oj seawol'thines ,mini-
mum drag , and ability to take off and land at all opemtional 
gros loads we7'e incorpomted in a X2 -size powered dynamic 
model oj a jour-engine transport jlying boat having a design 
gross load oj 166,000 pounds. These design principles included 
the selection oj a modemte b am loading, ample jorebody length, 
sufficient depth oj tep, and clo e adherence to the jorm oj a 
streamline body. 
The aerodynamic and hydrodynamic chamcteristics oj the 
model were inve tigated in Langley tank no. 1. Tests were made 
to determine the minimum allowable depth oj step jor adequate 
landing stability, the suitability oj the jore-and-ajt location oj 
the step, the take-off perjormance, the spray chamcteristics, and 
the effects oj simple spmy-control devices. The test results indi-
cated that: Landing stability was satisjact07'y with a depth oj 
step oj 9 percent beam at the cent7'oid; the hydrodynamic center-
oj-gmvity range j07' stable take-offs was satisjactory as to extent 
and position with respect to the stable jlight range desired; the 
take-off perjormance was satisjactory jor the power loading as-
sumed; the relation oj the proportions to the design loading oj the 
hull was C07'rect jor satisjactory spray characteristics; ancl large 
overloads were pos ible with relatively simple spray-control de-
vices. The application oj the design crite7'ions u ed and test 
results should be usejul in the preliminary design oj similar 
large jlying boats. 
I TRODUCTION 
In reference I, principles for de igning the optimum hull 
for a large long-range flying boat were proposed to meet the 
requirements of eaworthiness, minimum drag, and ability 
to take off and land at all operational gro s loads. These 
principles included the election of a moderate beam loading, 
ample forebody length, uffici ent depth of step, and do e 
adherence to the form of a treamline body. 
Figme 5 of r eference 1 show the lines of an experimental 
hull form illu trating the application of the propo ed princi-
ples. This form ha ince been incorporated in a powered 
dynamic model of a fom-engine tran port flying boat, 
Langley tanle model 180, and has been te ted in Langley 
tank no. 1. Th inv tigation in Iud d the d trmination 
of the aerodynamic lift and pitching moment, take-off and 
landing stability, pray chracteristic , and exce thru t of 
the powered model. 
The present paper ummarizes the results of the tests for 
use in the application of the hull lines to the design of similar 
airplane, This paper al 0 fUl'ther illu trates the procedme 
for the design of flying-boat hulls outlined in reference 1 and 
redefines the hyclrodynamic Cl'iterions used in the Langley 
tank for evaluating depth 01' ventilation of the tep, fore-
and-aft location of the step, and effectiveness of devices for 
control of pray. The modification investigated are typical 
of small changes in hull line that offer the po ibility of 
large improvement in the hydrodynamic characteristics if 
their effects are judged in the terms of the pertinent full-size 
performance criterions. 
SYMBOLS 
load coefficient (D.jwb3) 
gross-load coefficient (D.olwb3) 
speed coefficient (VI -Jgb) 
forebody-spray coefficient (~) (L jlb)2 
d ' 1'£ ffi . (Lift ) aero ynamlc r t coe Clent -1--
- pSVZ 2 
aerodynamic pitching-moment coefficient 
( 
A{ ) ~pSVZc 
T. effective thru t, pounds (T-6D= Dc+ R ) 
b maximum beam over chines, feet 
c mean aerodynamic chord (M, A. 0,), feet 
Dc drag of model without propellers, pounds 
D.D increa e in drag due to slipstream, pounds 
D. load on water, pound 
D.o gros load, pounds 
g acceleration of gravity, feet per second per econd 
L, length of forebody from bow to step centroid, feet 
11 aerodynamic pitching mom nt, foot-pounds 
R measmed re ultant horizontal force with power on, 
pOlmds 
p density of air, slugs per cubic foot 
S area of wing, square feet 
T propeller thrust, pounds 
V carriage speed, feet per second (approx. 95 percent of 
airspeed) 
w specific weight of water, pounds per cubic foot (63.2 
for these tests; usually taken as 64 for sea water) 
oe elevator deflection, degrees 
o I flap deflection, degree 
r trim (angle between ba e line of hull and water plane), 
degrees 
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FIGURE I.- Perspective drawing of proposed airplane. 
DESCRIPTIO OF M ODEL 
OVER-ALL D ESIGN 
La,nglcy tank model 1 0 l'cpre ents a long-range transport 
seaplane powered by four 3000-horsepower engines and having 
a design gross load of 165,000 pound. uch a eaplane hould 
be seaworthy in sheltered waters and moderate open- ea 
condition, hould have a con idel'able range of hydro-
dynamic a well as aerodynamic stable po itions of the center 
of gravity to accommodate a variety of loading conditions, 
and hould be capablc of overloading for economy on long 
over-ocean flights. The hydrodynamic de ign generally 
should be conservative to allow for the variety of operating 
conditions encountered in long-range commercial service 
without undue impairment of the primary function of the 
airplane. 
A per pective drawing of the type of airplane represented 
by model 1 0 is hown in figure 1; the aerodynamic and 
propulsive characteri tic and hull dimension for its design 
are given in tablc 1. The general arrangement of the model, 
which is X2 fu ll ize, is shown in figure 2. 
HULL DESIG ' 
The hull wa de igned according to the procedure of refer-
ence 1 after the general specification and over-all de ign 
had been determined. 
Beam.- The beam wa elected to give a ati factory 
functional width of fuselage for the type of airplane and to 
give a value of the gros -load coefficient (beam loading) near 
the upper limit recommended in reference 1 for conventional 
length-beam ratios. From the expre sion for gros -load 
coefficient 
the beam of 15 feet and the design gro load of 165,000 
pound correspond to a OAO of 0.76. 
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FIGURE 2.-0eneral arrangement of Langley tank model 180. (All dimensions:are)n :inches.) 
In considering the de ign ·wing and power loadings, some 
overloading hould be anticipated in the airplane design in 
order to make operation possible under extreme loading 
condi tion . If an overload gro s load of 185,000 pounds is 
assumed, the gross-load coefficient becomes o. 6, which is 
still within the range of those currently used for conventional 
hulls. The actual hydrodynamic limit in load depend on 
the spray characteristics and stability of the specific configur-
ation, a well as the power loading, and is a subject for addi-
tional inve tigation both in the tank and after the airplane 
is placed in operation. 
Length.- The length of the forebody was selected to pro-
vide a satisfactory functional length of fuselage ahead of the 
center of gravity, and a con ervative length-beam ratio for 
the gro s-load coefficient was chosen to insure adequate spray 
control and eaworthines at low peeds. From the follow-
ing relation from reference 2 
the forebody length-beam ratio of 3.4 gives a value of k of 
0.066 for the design gros load, which, from experience with 
similar configurations, insure ufficient length of forebody. 
The overload gro s load corresponds to a value of k of 0.074, 
which wa within the accepted range in reference 2 for an 
overload condition, although not the value recommended 
for the design condition. 
The afterbody length-beam ratio of 2.5 was elected arbi-
trarily from previous experience. Thi value was checked 
by a preliminary load water-line calculation to insure suffi-
cient buoyancy aft of the center of gravity and to insure lon-
gitudinal tability for the static condition. The length-beam 
ratio of forebody plus afterbody therefore is 5.9, which i 
representative of de ign practice for the assumed gross-load 
coefficient. 
Depth.- The depth of the hull was chosen from experience 
with a imilar model to corre pond to a height of the buried 
wing root that gives ati factory clearance from spray for 
the propeller and flaps . The depth of the hull is al 0 suit-
able for the layout of two full decks, which would be desirable 
for a transport fuselage of the size represented. 
Step.-As tated in reference 1, a 30° V- tep was selected 
in preference to a transverse step on the ba is that less 
mean depth would be r equired for adequate landing sta-
bility. The forebody and afterbody lengths are then 
referred to the center of gravity of the step plan form 
(centroid). A tentative depth of step of 6.5 percent beam 
at the cen troid was selected with the as umption that the 
final depth would be ba ed on the landing stability of the 
model. The relative fore-and-aft location of the step and 
wing was selected so that a line from the step cen troid to the 
mean design location of the center of gravity (30 percent 
M.A. C.) makes an angle of 12° with th e vertical. This 
angle is the arne as the estimated angle of trim for a full-
tall landing as proposed in r eference 1, with the assumption 
that the final location of th e step would be based on the 
take-off stability of the model, particularly the location of 
the forward limit of stable positions of the center of gravity. 
Angle between forebody and afterbody keels.- The angle 
between the keel bas a marked effect on th e trim and spray 
at taxying speeds. The value of 7° used is a good compro-
mi e for most flying-boat hulls to give sati factory trims 
up to the hump speed and acceptable resistance at speeds 
approaching take-off. 
Shape.- The lines of the hull are shown in figure 3 and 
detailed offsets of the form are given in table II. ince the 
h eight of hull at the wing roo t is greater than the maximum 
beam, the basic form of the hull for minimum drag was 
taken a a streamline body with ellip tical cross sections to 
which the forebody and afterbody planing surfaces were 
added and blended as harmoniou ly a possible by mean of 
drawing-board layouts. The plan form of the hull and the 
variation of the minor axes of the ellipses are the same as 
the thickness variation of the ACA 00 serie of airfoils 
(fig . 1 of reference 3). The ratio of the major to the minor 
axis of the cross section has a constant value of 1.35. The 
mean line of the elliptical body (loci of the cen ters of the 
ell ip e ) is curved upward aft of the maximum section to 
give the de ired deck line aft of the wing and the desired 
vertical location of the tail root. 
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FIGURE 3.-Lines of hull. M odel 180. 
The forebody planing bottom at the maximum beam, 
station 9, ha an angle of dead rise of 20° at Lhe keel ex-
cluding chine flare and an angle of dead ri e of approxi-
mately 17.5° including the chine flare. The buttock in 
thi area are traio-ht and parallel for approximately l.5 
beam forward of the tep centroid. Forward of the plan-
ing bottom the angle of dead ri e increa es to about 50° at 
the forward perpendicular, and the bottom ections are 
faired Lo o-ive traigb t or slightly concave waLeI' line neal' 
the bow. 
The af erbody boLtom has traight-line-boLtom section 
with 20° dead rise. Tb e tail exten ion above and aft of the 
tempo t i faired to give ea y water line and to blend into 
the ba ic ellip tical body at the tail root. 
The u e of the streamline plan form and eilipitical top ides 
re ult in over-all form which pre umably ha a rela ively 
low aerodynamic drag for the dimen ion and proportions 
derived. ModificaLions for adaptation to the final de ign 
such as the addition of the pilot's canopy, fau'ino- of the wing 
root, and widening of the plan form aft for tructural rigidity 
of the tail exten ion are ou tsior the ope of the preliminary 
de ign and would not have a large effect on the re ult pre-
ent d in this paper. 
THE POWERED DYNAMIC MODEL 
Photograph of model 1 0 are hown in figure 4. The 
model wa constructed of balsa and plywood and wa 
powered with four variable-frequency alternating-current 
motors in tailed in the nacelles and driving four-blade 
wooden propeller . 
The model wa fitted with leading-edge slats to obtain an 
angle of tall equal to that estimated for the full- ize wing 
and with movable elevator controlled from the ob erver' 
eat on the towing carriage. The flap were of the imple 
plit type extending over 5l.6 percent of the wino- pan and 
having a chord2l.5 p rcent of the mean aerodynamic chord . 
The hull had a horizontal parting line and a removable 
tep ection to facilitate change in th hull bottom during 
the test. The hull wa equipped with rack for lead balla t 
and fittings for variou locations of the towing pivot from 
20 to 42 percent of the mean aerodynamic chord. 
I 
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FIGURE 4.-Model ISO. 
The pitching moments of inertia of the ballasted model 
were: 
Pivot position Moment of 
(percent inertia 
M.A.O.) (slug·ft') 
20 8.7 
40 10.3 
The total weight of the ballasted model and towing taft was 
omewhat greater than the scale design gross load ; therefore, 
test requiring complete dynamic imilarity were made at 
the cale overload gro load without the u e of counter-
weight. 
GENERAL APPARATUS AND PROCEDURE 
The test of Langley tank model 1 0 were made in Langley 
tank no. 1 , which is described in reference 4. The apparatus 
and procedures u ed for the towing of powered dynamic 
models are described in references 5 and 6. In general, the 
model was run at the 6-foot water level under the center of 
the towing carriage where the air flow is parallel to the water 
surface and the airspeed i approximately 5 percent higher 
than the carriage speed. The model wa free to trim about 
the pivot, which is located at its balla ted center-of-gravity 
position, and was free to move ver tically but was re trained 
in roll and yaw. The towing gear was connected to the re-
sistance dynamometer which measures the net horizon tal 
force applied to the model by the gear. A view of the model 
etup on the towing apparatus is shown in figure 5. 
AEROD YNAMIC CHARACTERISTICS 
EFFECTIVE THR UST 
The effective thrust, defined as the propeller thrust minus 
the increase in drag due to slipstream, was determined at 
FIGURE 5.- 1odcliSO and towing apparatus. 
various peeds throughout the take-off range with the model 
supported in the air 0 that its center of gravity wa 1.3 
beam above the water. Thi thrust was calculated from the 
relation 
The effective thru t thu determined for the model at the 
full-power condition is plotted against speed in figure 6 and 
i hown together with the e timated cale thrust for the 
assumed fu ll- ize engines and propellers. 
LIFT A D P ITom G MOMENT 
Values of the lift and pitching moment were determined at 
variou speed and trims with the model in the air in the 
same po ition as for the determination of the thru t. The 
moments were taken about a pivot point located at 24 per-
cen t of th e mean aerodynamic chord. The data from the 
tests with full power are 'plotted against speed in figure 7. 
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FIGURE 6.- Variation of effective thrust with speed. Model ISO; trim, 00; ~,=300; ~.=Oo. 
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Data with and without power plotted in coefficient form 
again t trim for a peed of 35 feet per second are shown in 
figure . The e r e ult are typical for multi engine configura-
tion in the take-off range and illustrate the large effect of 
power on the coefficients. The r e ult also include the 
ground effect due to the proximity of the water which de-
crease the downwa h and con trict the lip tream flow 
under the model. 
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FIGURE 8.- Variation or aerodynamic lift and pitching·moment coefficients with 
trim. Model 180; 0,=30°; center or gravity, 24 percent mean aerodynamic chord ; T; = 35 reet 
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HYDRODYNAMIC LONGITUDI AL TABILITY 
LA DI NG STABILITY 
The landing stability was inve t igated at various landing 
trims by flying the mod el at the de ired trim and then uni-
formly decelerating th e towing carriage to imulate the land-
ing maneuver. The r esulting varia tion in trim and rise 
were recorded on wax paper by a stylu attached to the 
model, and the r ecords obtain ed were u ed a an indicat,ion 
of the landing stabili ty . 
L andings of the original configuration , Langley tank 
model 180, with the center of gravity at 30 and 40 percent 
of the mean aerodynamic chord, were made at a rate of 
deceleration of 2 .5 feet per second per econd with the flaps in 
the landing position and with the propeller windmilling. The 
re ults are shown in figlU'e 9. The model wa unstable during 
landing at trim above 5° (afterbody keel parallel to the 
water surface), indicating that the depth of step was inade-
quate for complete ventilation. The depth of tep wa there-
fore increased from 6.5 to 9.0 percent beam at the centroid 
by lowering the forebody. 
T e ts of the model with the deeper step, Langley tank 
model 1 0- 1, were made under the ame conditions except 
that the deceleration wa reduced to 1.0 foo t pel' e ond per 
econd, and the resul ts are shown in figure 10 . The effect of 
the modification was to eliminate most of the in tability 
shown in figure 9. 
The landing tabili ty of model 1 0- 1 with the cen ter of 
gravity at 40 percent mean aerodynamic chord and at the 
overload gro s load i shown in figlU'e 11. The records in 
figures 10 and 11 indi ate tha t with adequate depth of tep 
the po ition of the center of gravity and the gros load have 
li t tl effect on the landing characteristics. 
TRIM LIMITS OF STABILITY 
ince longitudinal stability characteristics are commonly 
evaluated in terms of the trim lim.its of tability, these limi ts 
without power were determined at the design gro load for 
both models 180 and 1 0- 1 and are hown in fio-ure 12. 
Increasing the depth of tep to insure adequate landing 
tability raised both branches of the upper limit and reduced 
the pread between the two branches, at speed ju t before 
get-away, from 4.5° to 1.5°. At high peed , the stable 
range of trim between the lower limi t and upper limit , 
decreasing trim, for model 1 0- 1 was about 7°. 
The trim limit of stability for model 1 0- 1 with power and 
at the overload corresponding to 1 5,000 pound are shown 
in figure 13. The spread between the two branehe of the 
upper limit and betwe n the upper and lower tr im limits is 
approximately the same as for the trim limits without power 
at the design gro load . The trim limi ts of model 180-1 
with and \vithout power are plotted nondimensionally in 
figure 14 . 
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FIGURE 13.-Trim limits of stability with power. :'.1odel ISO-I; gross load, 105.7 pounds 
(J 5,000 1b, full size); a,=30°. 
12 
10 
4 
2 
o 
.28 
, , I I I 
',' I-~~ Upper limit-r-..... (lncreosing trim) 
~ ~ K' -- " I 
, ~ , ........ '01' 
I.---~ i'-.... --r,--I-, 
I~ '" Upper limit - I-, , rfcreoStn9-r [\ ' I--
'\ \ Gross load, Ib Power \ 
:~ 185,000 Full I--Lower limit' -- \ ---- 165,000 Windmilling 
1\ 
''0.... 
, 
.... -t--
-
.24 .20 ,16 .12 .08 .04 o 
..;c:jcv 
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TAKE-OFF TABILITY 
The range of stable po iLion of the center of gravity of 
model 180- 1 wa determined by making take-oft's wi th power 
at variou po itions of the center of gravity and veral 
elevator deflection. In the e te t a uniform rate of acceler-
ation of 1.0 foo per econd per econd was u ed. R epresen-
tative trim tracks and Lheil' relation to the trim limit of 
stability are presented in figure 15 for variou po ition of 
the center of gravity over the anti ipated take-oft' range. 
The re ult are ummarized in figure 16 a a plot of maximum 
ampli tude of porpoi ing against position of the cenLer of 
O'l'avity. This figme indicate that stable take-oft' could be 
mad e with a flXcd elevator deflection of - 20 0 at po itions of 
the center of gravity from 24 to 37 percent mean aerodynamic 
chord. A cro s plot of elevator deflection required for table 
take-off against position of Lhe center of gravity is hown in 
figme 17. table take-off wi th fixed elevator deflection 
were pos ible at all practi able po ition of the center of 
gravity, and elevator control wa al 0 available for r ecovery 
in the event Lhat pOl'poising occW'1'ecl . The table range of 
position of the center of gravity for Lake-off of model 1 0- 1 
was larger than for most model te ted in Lhe Langley tank . 
The location of the stable range of the model for Lake-off 
wi th 1'e pect Lo the stable range for flight wa ati facLory; 
therefore, no fore-and-aft movement of the tep wa required . 
HYDRODYNAMI TAKE-OFF PERFORMA CE 
The resi tance characteristics of th model at kiln and 
loading corrc ponding to take-oft' power were illve tigated 
by mea uring the exce thl'U t available for acceleration 
with th propeller developing the cale effective tlU'ust 
shown in figure 6. This thru twa made equal 0 the e ti-
mated value at each speed by adjusting the revolution per 
minute . The model was te ted at the design gro load with 
the flap in take-off position and wi th everal deflection of 
t.he elevator in order to include triln. for maxilnum exce 
thru t. 
1 
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Fl<;URE 15.-Variation of trim with speed. Model 180-1; gross load, 105.7 pounds (1 5,000 Ib, full size); .1/=30°; fuJI power. 
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FIGURE 16.- )1aximuUl amplitude of porpoising at different positions of the con tcr of grayilY 
with powel". Model 180-1; gross load, 105.7 pounds (1 5.000 lb. fu ll size); 01=30°. 
The excess thl'U t and trim of Langley tank models 180 
and 180- 1 are presented in figures 18 and 19, r espectively . 
These curves have been plotted so that th ey have the same 
general hape as th e resistan ce curves used for take-off 
compu tations. A compari on of sim ilar curves for bo th 
model indicates that the increase in depth of step rai ed th e 
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FIGURE !i.- Hangc of position of the center 0 f grayity for starle take·orr witb power. Mottel 
180-1 ; gross load, 105.7 pou nds (J85,ooo lb, full ~i,e) ; of=30°. 
hump trim approximately 10 and ligh tly incl'ea ed the 
hump resistan ce. When maximum exce thrust i u ed, 
model 180 r equire a take-off t ime of 53 seconds and a take-
off distance of 4100 feet; whereas the tak e-off t ime of Langley 
tanJ" model 180- 1 is 54 second and the take-off distance is 
4300 feet (full size). 
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SPRA Y CHARACTERISTICS 
BASIC CONFIGURATlO, 
The spray characteri tic were inves tigated by making 
con tant peed and accelerated runs with full power and 
with the propellers windmilling in order to observe th e effect 
of power. Pho tographs were tak en of the spray in th e pro-
pellers and of the flow of water a round Lhe afterbody and 
tail extension dur ing th e constant- peed runs, and ~otion 
pictures w ei'e taken during the accelerated run for addi tional 
tudy. For th e power-on tests, the propell ers were driven 
at a constant value of 4000 rpm, whi ch was a m ean value 
for development of calc thru t throughout th e speed range. 
Pho tographs of the bow spray of Langley tank model 1 0- 1, 
over a peed range in which th e bow spray en ters the pro-
pellers, are presen ted in figure 20 for gross loads rO ITe-
ponding to 165,000 and 185,000 pounds. The spray chara c-
\ '= 11).1 rrs; 7= 7.3° 
V = 12.3 rps; 7=8.2° 
V= 14 .2 rr' ; 7=9.8° 
Propellers windmiIling 
teri tics of model 1 0- 1 and modrl 1 0, which had 0.37 inch 
Ie clearance between the propeller eli Ie anel the water 
because of the shallower step , were approximately the sam e, 
At the gros load cOlTesponding to 165,000 pounds, only 
light spray entered the propellers with full power over a 
, peed range from 11 .0 to 14.5 feet per econd. A t th e over-
load condition corresponding to 185 ,000 pounds, th e amount 
of spray in' the propeller increa ed , but the pray charac-
teristic were still accep table (fig. 20). The amount of spray 
s triking th e flap at th e design gross load was ligh t, both with 
full power and with propeller windmilling. 
On both models 1 ° and 1 0- 1, water from the afterbody 
flowed up th e sides of the tail extens ion and wetted the under 
urface of th e hori zontal tail at approximately hump peed 
(fig. 21 ) . This cond ition wa sligh tly worse with the pro-
pellers winclmilling than wi th full power. 
V= 10.3 rl)S; 7=5.2° 
V = 12.3 fps; T=6.3~ 
17=14.3 rps; 7=8.7° 
FlllI power 
(a) Gross !oad, 94.3 pounds (165,000 lb, rull si z~). 
F ,GURE 2O.- Dow spray. i\1odel IllO- l; 0.=0° ; 0}=300 ; center or gravity, 28 percent moan aerodynamic chord. 
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V=lO .O [pSi T=7.3° 
V=14.2 [pSi T=9.8° 
Propellers windmilling 
(b) Gross load, 105.7 pounds (1 5,000 lb, [ull size) . 
F 1GURE 20.-Conrluded. 
V=lO.l [pSi T=5.2° 
\ '=12.2 [ps: T=6.3° 
V=14.2 [pSi T= 
Full power 
TAJ'..'K IN' ·ESTIGATIOK OF A POWERED D1: ~AMIC MODEL OF A LARG E LO~G ~RAl~GE FLYING BOAT 
1·= 13. 1 rps: T=8.6° 
\ . = 14.2 rlls; T=9.9° 
1·= 15.2rps; T= 11.2° 
l'ropcllcrs windmilling 
\ . = 13.0 rps; T= i.Oo 
1'= 15.2 rpR; T=9.00 
F ull powr r 
FIGURE 21.- Flow Or waler arou nd arterbody and tail extension . Modcl 1 0-1; gro~s load, 91.3 pounds ( IGo,OOO Ib, rull size); 0.=0°; 0[=30°; center or gravity, 
28 percent.. mean aerodynamic chord. 
17 
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(a) Break~r strip on tail cxt~nsion . Lan~ley tank model 180-2. 
.50 . .• -:-
Model 180-2 Model 180-3 
(b) 
(b) Sketch of broakcr stri ll. Langley tank models I 0-2 and 1 3. (A ll dimensions are in 
inehe .) 
FIG eRE 22.- )'lodificaliol1s on tail extension for spray control. 
17= 13.1 fps; T= .6° 
"= 140 fps; T=9 . ° 
"= 15.0 fps; T=11 .2° 
Propellers windmilling 
' ·=13.0 fps; T=7.1° 
1'=14.1 fps; T= .~o 
,. = 14.9 fps; T=8. ° 
Full power 
FIGURE 23.-Flow of water around afterbody and tail extension, lIfodel 180-2; gross load, 94.3 pounds (165,000 Ib, full size); 0. =0°; 0/=300 ; center of gravity, 
28 pprcent mean aerodynamic chord. 
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MODIFI CATIONS FOR SPR AY CO ' TROL 
Tail-extension breaker strips.- The addition of breaker 
trips, hown in figure 22, to the tail extension (Langley tank 
model 1 0- 2) wa effective in preventing the water from 
wetting the side of the tail extension or the horizontal tail. 
Photograph howing the flow of water around the tail exten-
sion for model 180- 2 are pre en ted in figure 23 and may be 
compared with inlilar photograph shown in figure 21 for 
model 1 0-1. The formation of a planing surface on the tail 
extension (Langley tank model 1 0-3), hownin figure 22 (b), 
wa almo t a effective in deflecting the water as were th 
breaker trips. 
Forebody spray strips .- Although the bow pray charac-
teri tics of models 1 0 and 180-1 were considered atisfactory 
at the design gro load, inboard pray strips were added to 
the forebody (Langley tanle model 180--4) to observe their 
effectivenes in reducing the propeller and flap spray at 
overloads. The pray strips, hown in figure 24, were added 
without increasing the beam of the model. With the trip 
on the model, no pray entered the prop llers up to a load 
corresponding to 200,000 pounds (fig. 25). 0 water truck 
the flaps with full power at the load corresponding to 1 5,000 
pound and only liaht spray struck the flaps at the load 
corre ponding to 200,000 pound. The addition of plasteline 
fairing, hown in figure 24, to the spray trip (Langley tanle 
model 1 0- 5) did not appear to reduce their effectivenes ill 
~ F.p. 8.50 
I I 
I I 
Model 180-4 
Spray s trip 
" 'Spray strip wi th 
plostel/ne fairing 
Model 180-5 
.49 
I 
I ' I 
'Original chine 
I I 
/,onqin,1 chine 
" .25 : I 
21.25 34.00 46. 75 
Distance oft F.P. 
FIGURE 24.-Spray strips on forebody. Langley tank models 18<H. and 180-5. 
(All dimen ions are in incbes.) 
preventing the pray from entering the propeller or striking 
the flap. 
Effect of spray-control devices on stability and take-off 
performance .- Breaker trips on the tail extension had no 
appreciable effect on either the take-off performance or the 
tability characteri tics. 
The addition of inboard forebody pray trip increa ed 
the range of table trim by lowering the lower limit approxi-
mately W. A imilar trend in the lower limit has been 
ob erved when the chine flare of another model was increa cd. 
Within the accuracy of the te ts, the forebody pray trips 
had no appreciable effect on the upper trim limi t , on the 
range of table position of the center of gravity for take-off, 
on the landing stability, or on the re i tance. 
CONCL 810 8 
The result of the tank inve tigation of Langley tank 
model 1 0 indicate further the validity of the hydrodynamic 
de ign principles used and illu trate the hydrodynamic per-
formance criterions employed at the Langley tanks for 
evaluating the merit of the proposed hull form. The signif-
icant conclu ion regarding the design of the long-range 
tran port flying boat inve tigated may be ummarized as 
follows: 
1. A depth of step of 9 percent beam at the centroid was 
required for satisfactory landing stability and recovery from 
upper-limit pOl'poi ing. 
2. The hydrodynamic center-of-gravity range for stable 
take-off was satisfactory as to extent and location with 
respect to the stable flight ranae desired. With fixed eleva-
tors, table take-off were possible over a range of position of 
the center of gravity of approxima ely 13 percent mean 
aerodynamic chord. 
3. The take-off performance was satisfactory for the power 
loading a umed. The take-off time wa approximately 
54 econd and the take-off distance was approximately 
4300 feet at a gros load corre pondinO' to 165,000 pounds. 
4. Th e r elation of the proportion to the de ign loading of 
the hull wa correct for ati factory spray characteristics. 
Overloads up to a gro load corresponding to 200,000 pounds 
were po sible with relatively imple pray-control device. 
5. Favorable hydrodynamic characteristic were obtained 
without departing widely from the de irable aerodynamic 
form of hull compatible with an efficient over-all de ign. 
The e conclu ion are believed to make the hull lines and 
the associated tank data of general intere t and hould be 
useful in the preliminary design of large flying boats of the 
model 1 0 type. 
LA GLEY MEMORIAL AERO ' AUTICAL LABORATORY, 
ATIO ' AL ADVI ORY OMMITTEE FOR AERO AU'l'ICS, 
LANGLEY FIELD, VA., November 29, 1946. 
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V'= 10.1 fps; T=5.2° V= 10.1 fps; T=5.6° 
V=12.1 fps; T=6.4° 17= 12.2 fps; T=7.00 
11=14.1 fps; T=8 .8° V=14.2 fps; 7=9.2° 
(a) Oross load, 105.7 pounds (I 5.000 lb, full sizo) . (b) Oross load, 114.0 pounds (200,000 lb. full size). 
FIGURE 25.-Modcl 180-4. Bow spray, full powcr. 6,=0°; 6/=30°; center of gravity, 28 percent mean aerodynamic chord. 
TANK INVE TIGATIOr OF A POWERED DYNAiVIIC :MODEL OF A LARGE LOXG-RAl"\'"GE FLYING BOA'!' 
REFERE CE 
1. Parkin on, John B.: The Des ign of the Optimum Hull for a Large 
Long-Range Flying Boat. :NACA ARR No. L4I12, 1944. 
2. Parkinson, John B.: De ign Criterion for the Dimensions of the 
Forebody of It Long-Range Flying Boat. N ACA ARR TO. 31<0 , 
1943. 
3. Jacob , Ea tman N., Ward, Kenneth E., and Pinkerton, Robert 1\1.: 
The Characteristics of 78 R elated Airfoil ections from Te ts in 
the Variable-Density Wind Tunnel. NACA Rep. No. 460, 1933. 
4. Truscott, tan: The Enlarged K. .C.A. Tank, and ome of Its 
Work. NACA TM I O. 91 , 1939. 
5. 01 on, Roland E ., and Land, Norman .: Method Used in the 
J. ACA Tank for the Investigation of the Longitudinal- tability 
Characteri tic of Models of Flying Boats. ACA Rep. No. 753, 
1943. 
6. Tl'u cott, tan, and 01 on, Roland E.: The Longitudinal tability 
of Flying Boat as Determined by Tests of Models in the N ACA 
Tank. II-Effect of Variation in Form of Hull on Longitudinal 
tability. ACA ARR, Nov. 1942. 
TABLE I.- AERODYNAMIC AKD PROP LIVE 
CHARACTERI TICS AKD nULL DDlE T ION, 
OF LA GLEY TANK i-lODEL 1 ° 
General: Design gros load,lb _____ _______________ . ____ _ 
Wing area, sq fL _____ . ___ . ___________________ _ 
'rake-olI horsepower ___ ________________ _______ _ 
Wing load ing, lb/sq ft _________ _______________ _ 
Power loading, lb/hp _________________________ _ 
Wing: Span, ft _________________________ __ ___________ _ 
Root chord, ft (NACA 23020 seetion) _________ _ 
Tip chord , ft (NACA 23012 seetion) __________ _ 
Angle of wing setting to base line, deg ________ _ 
Mean aerodynamic chord (M.A.C.), ft ________ _ 
Lead ing edge, M.A. . Aft of bOW, ft _____________________________ _ 
Above base line, ft. ______________________ _ 
Flaps, split 
emispan, fL __ ___________________________ _ 
Chord, fL __________________ . _________ ____ _ 
Take-o lI deflection, deg ___________________ _ 
Landing d fl ection , deg __________________ _ 
Horizontal ta il surfaces : Span, ft. _________________ _____________ --- -- - - -
L eading edge at root : Aft of bOW, fL ___ _________________________ _ 
Above base line, ft ___________________ ____ _ 
Area of stabilizer, sq fL __ ________ ____________ _ 
Area of elevator, sq ft. _______________________ _ 
'rotal area, sq fL _________________ ---------- --
Angle of stabilizer to base line, deg ___________ _ 
Dihedral, deg _____________________ ----- ------ -
Propellers: Number ______________________________________ _ 
Blades ___ ______________ -_ - - - - -- - - - - - - - - -- - ----
Diameter, ft ______ __________________ -__ --------
Blade angle, (3/4 rad), deg ____________________ _ 
Full power, rpm __ __ _____________ --- -- -------
Angle of thrnst line to base line, deg __ ____ ___ _ _ 
Ce!'tcrUne of inboard propellers above base 
lUle, In . _________ ______ --- ________ ----- -- -----
Hull : Maximwn beam, ft. ___ ______________________ _ 
Length of forebody, fL ____ ------------------ --Length of afterbody, ft. _____________________ _ _ 
Length of ta il ext nsion , ft. ____ ______________ _ 
Over-all length , fL _______________________ ____ _ 
Angle of main step (v-type), deg ___________ __ _ 
Depth of step at keel, in ___ __ _______________ -
Depth of step at centrOid, in _____ ____ _________ _ 
Angle of forebody keel, dcg ______________ ------
Angle of afterbody keel, deg __________________ _ 
Angle between kc Is, deg ___ __________________ _ 
Angle of dend rise at ste p, deg Excluding chine fl are __ _____________ ___ ___ _ 
Including cbine lIa .. o ___ ______ ____________ _ 
Full size 
165,000 
3,683 
12, 000 
44.9 
13.7 
200 
27.96 
9.36 
5.5 
20.12 
42. 14 
1 . 
51. 6 
4.33 
30 
55 
61. 67 
105.9 
24.5 
438.4 
4.6 
823.0 
3.0 
.0 
4 
4 
17.67 
5.5 
254.5 
15.0 
51. 0 
37.5 
35.99 
124.49 
30 
15.96 
11. 76 
2.0 
5.0 
7.0 
20.0 
Ii. 5 
Modell 0, 
712 full size 
94.3 
25.58 
2.01 
3.69 
46.9 
16.7 
2. 33 
0. 7 
0.5 
1.68 
3.51 
1. 57 
4.30 
0.36 
30 
55 
5.14 
8_83 
2.04 
3.04 
2.67 
0.71 
3_0 
.0 
4 
4 
1. 47 
16 
4, 000 
5.5 
21.2 
1. 25 
4.25 
3.12 
3.0 
10.38 
30 
1. 33 
0.9 
2.0 
5.0 
7.0 
20.0 
17.5 
21 
TABLE n.-HULL OFFSETS OF LANGLEY TANK MODEL 180 
Half-breadths 
Hall 
Dis- I Hall-, max. IMajOr tance beam beam axis Station I alt of at (min . 
F. P. chUle axis) WL IWL IWL IWL IWL IWL IWL IWL IWL IWL IWLIWLIWLIWLIWLIWLIWL IWL IWL IWL IWL IWL IWL 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
--------- -------------------------------------------------_._-,--
F. P. 0 0 0 0 I 
-------------------------------------------------------------,--~, 2.12 2.74 2.74 3.71 0.19 0.78 1. 61 2.74 2.74 2.70 2.46 1. 92 0.52 I 
-------------------------------------------------------------,--
__ 1_~~~~ ________ ~~ 2.42 ~~~ 3. 74 3.57 3.22 2.64 1.57 _______________ , __ 
__ 2_~ ~~~ ____ I 0.62 ~~ 4.42 5.03 5.03 5.03 5. 03 ~ 4.88 4. 64 4.24 3. 68 ~~ _________ I--,--
__ 3_ 12.75 ~~~ __ 0.55 ~ 3.22 ~~~~~~ 5.88 5.78 ~ 5.26 ~ 4.18 3.~ ~ _________ _ 
4 17.00 6.50 6.50 8.80 1 1. 40 3.28 5.22 6.50 6.50 6.50 6.50 6.50 6.50 6.48 6.39 6.21 5.92 5.53 4.99 4.27 3.23 1. 23 I I 
----------------------------------------------------------.----
5 21. 25 6. 92 6. 92 9. 36 2. 22 4. 61 6. 92 6. 92 6. 92 6. 92 6. 92 6.92 6. 92 6. 90 6.81 6. 64 6.37 6. 00 5. 52 4.88 3. 99 2. 66 
25.50 I 7. 21 I 7.21 I 9.76 I 0.26 I 2.92 I 5.68 I 7.21 I 7.21 I 7.21 I 7.21 I 7.21 I 7.21 I 7.21 I 7.20 I 7. 11 I 6.95 I 6.70 I 6.35 I 5.89 I 5.28 I 4.49 I 3.36 I 1. 13 
29. 75 I 7.38 I 7.38 I 9.98 I . 71 I 3.44 I 6.60 I 7.38 I 7.38 I 7.38 I 7.38 I 7.38 I 7.38 I 7.38 I 7.36 I 7.28 I 7.11 I 6.87 I 6.54 I 6.08 I 5.51 I 4.75 I 3.70 I 1. 91 
8 I 34. 00 I 7. 48 I 7.48 I 10. 12 I 1.13 I 3.86 I 7.48 I 7.48 I 7.48 I 7.48 I 7.48 I 7.48 I 7.48 I 7.48 I 7.46 I 7.38 I 7.22 I 6. 98 I 6.64 I 6.21 I 5.65 I 4.90 I 3.90 I 2.28 
38.25 I 7.50 I 7.50 I 10. 15 I 1. 53 I 4.29 I 7.50 I 7.50 I 7.50 I 7.50 I 7. 50 I 7.50 I 7.50 I 7.50 I 7. 48 I 7.40 I 7.24 I 7.00 I 6.67 I 6.24 I 5.68 I 4. 94 I 3.94 I 2.34 
10 I 42.50 I 7.45 I 7.45 I 10.08 I 1. 92 I 4.64 I 7.45 I 7.45 I 7.45 I 7.45 I 7.45 I 7. 45 I 7.45 I 7.45 I 7.43 I 7.36 I 7.21 I 6.97 I 6.64 I 6. 21 I 5.65 I 4.92 I 3.92 I 2.34 
11 I 46. 75 I 7.34 I 7.34 I 9.94 I 2. 32 I 5.05 I 7.34 I 7.34 I 7.34 I 7.34 I 7.34 I 7.34 I 7.34 I 7.34 I 7.33 I 7.26 I 7.11 I 6.88 I 6.56 I 6.14 I 5.59 I 4.86 I 3.87 I 2.29 
12 51. 00 I 7.20 I 7.20 I 9.74 I 2.75 7.20 I 7.20 I 7.20 I 7.20 I 7.20 I 7.20 I 7.20 I 7.20 I 7.20 I 7. 13 I 7.00 I 6.78 I 6.47 I 6.05 I 5.50 I 4.78 I 3.79 I 2.19 
13 55.25 6.97 7. 01 9.48 I I 6.97 6.98 6.99 7.00 7.00 7.00 7.00 7.01 6.96 6.81 6. 64 6.33 5.93 5. 39 4.69 3.70 2. 08 
14 59.50 6. 61 6. 79 9.19 =1=1= = 6.65 6.68 6.70 6.71 6.74 6.77 6.78 6.76 6.66 6. 46 6. 18 5.79 5.27 4.56 3.59 1. 96 1=1=1= 
__ 1_5_ 63.75 ~~~ __ I __ I ____ ~ 6.20 6.26 ~ 6.39 6.46 6.52 6.52 6.43 6.27 5.99 5.62 5.16 ~ 3.46 ~ _____ _ 
16 68.00 5. 35 6. 23 8. 44 1 I 5. 41 5. 55 5.69 5. 81 5. 94 6.08 6.20 6. 23 6. 17 6. 01 5. 77 5.42 4.93 4. 25 3.30 1. 57 
17 72. 25 I 4. 46 I 5. 93 I 8.02 4. 58 I 4.79 I 5. 01 I 5. 24 I 5.49 I 5. 71 I 5.86 I 5. 91 I 5. 89 I 5. 77 I 5. 55 I 5. 21 I 4. 74 I 4. 07 I 3. 12 I 1. 32 
18 76.50 I 3.46 I 5.57 I 7. 54 3. 61 I 3.94 I 4.27 I 4.59 I 4.91 I 5.24 I 5.45 I 5.56 I 5.56 I 5.46 I 5. 27 I 4.96 I 4.50 I 3.86 I 2.91 I .95 
19 80.75 2.35 5.20 7.04 I 2.59 3.00 3.45 3.86 4.30 4.70 5.00 5. 15 5.20 5. 14 4. 99 4.70 4. 27 3.65 2.70 I . 39 
-------------------------1-1-'-
20 85.00 1. 14 4.80 6.50 1 1. 46 1. 96 2. 49 3.01 3.58 4.10 4. 46 4.69 4. 79 4. 77 4.65 4.40 3.99 3.39 2.45 
-----------------------------------------------------------,--
Stem- I post 88. 50 0 4.46 6. 03 . 45 1. 03 1. 63 2. 21 2.86 3. 48 3. 95 4. 24 4.42 4.45 4.37 4. 15 3. 78 3. 20 2.26 
22 93.50 3.94 I 5.34 . 24 I . 90 I 1. 61 I 2. 36 I 3. 02 I 3.53 I 3.82 I 3. 94 I 3. 91 I 3.75 I 3.43 I 2. 88 I 1. 93 
_ _ 23 __ . ~ __ ~~ __ I ________________ ~~ 2.04 2. 79 ~ 3.44 3.49 3.38 3.09 ~~ ______ , __ 
24 102. 00 3.00 4.06 I . 68 1. 66 2.45 2. 82 2.99 2.96 2. 74 2. 28 1. 41 .91 0.68 0.48 
----------------------------------------------------------------
25 106. 25 2. 51 3.40 . 11 1. 35 2. 10 2.43 2.50 2.37 1. 97 1. 45 1. 17 1. 02 . 95 O. 90 
--2-6 - 110.50 -- ""2.Ol2:72 --1--1------------- -----------:-00 1.7l 1. 99 l.97 1. 69 1.40 1:171.03 -:09---:-00 
--27- 114.75 --1.472.00 --1--1--------------1------I--I--~ 1.27l.47l.3Ol.O7 --:94 -:86~--:8l 
28 119. 00 .93 I 1.26 .821 .90 I .71 I .651 .60 I .551 . 52 
~1l24.491-1-0 1-0 1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-'-
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Dis-
tanoe H eight 
Station aft of of 
l!'. P. keel 
F.P. 0 10.00 
1/2 2. 12 5.60 
1 4.25 4.03 
--------
2 8.50 2.38 
--------
3 12. 75 1. 58 
--------
4 17.00 1. 22 
--------
5 21. 25 1.04 
------
--
6 25.50 .89 
------ --
7 29. 75 .74 
------ --
8 34.00 .59 
------ --
9 38.25 .44 
------ --
10 42.50 .30 
--------
11 46. 75 . 15 
------ --
12 51.00 0 
------ --
13 55.25 1. 35 
--------
14 59.50 1.72 
------ --
15 63.75 2.10 
--------
16 68. 00 2.47 
--------
17 72.25 2. 84 
--------
IS 76.50 3.21 
--------
19 SO. 75 3.78 
------
--
20 85.00 3.95 
------ --Steru-
post 88.50 4.26 
--------
22 93.50 6.64 
------ --
23 97. 75 8.52 
- --- ----
24 102.00 10.29 
---- ----
25 106.25 11.92 
--------
26 110.50 13. 45 
---- ----
27 114.75 14. 91 
--------
28 119. 00 16.34 
--------
A. P . 124.49 18. 11 
TABLE lI.-HULL OFFSETS OF LANGLEY TANK MODEL ISO-Concluded 
H eight 
Heigh t below maximum beam from base line H eight above maximum beam from base line 
H eight Height of hull 
of or max- at Buttock Buttock 
chine imum center beam Iiue ~~I l 23 1 4 151 6 7 1 23 4 56 7 
--------------
====1=1=1== 10.00 ---------------8. 41 10.36 14. 07 7.33 8.26 __ ~ 12.89 ___________
--------------
7.42 10.36 15. 46 5. 55 6.70 7.30 15.27 14. 68 13. 44 
----------------------------------------
6. 06 10.36 17.17 3.40 4.41 5.33 5.88 6.06 17.04 16.62 15.83 14.49 11. 10 
----------------------------------------
5. 00 10.36 18.36 2.33 3.09 3. 84 4. 48 4. 88 18.24 17.87 17. 24 16. 24 14.63 
--- ---------- - - -------------------------
4.23 10. 36 19. 16 1. 78 2.32 2.88 3. 41 3.91 4.21 19.05 18.73 18.16 17. 29 15.98 13.75 
---------------------------------- - -----
3.67 10.36 19.72 1. 47 1.90 2.33 2.76 3.19 3.57 19.63 19. 32 18.80 18.00 16.83 15. 03 
----------------------------------------
3.30 10.36 20.12 1. 27 1. 66 2. 03 2.40 2.77 3. 11 3.29 20.03 19. 74 19.23 18.47 17.39 15.76 12. 70 
----------------------------------------
3.07 10.36 20.34 1.10 1. 48 1. 84 2.20 2.57 2. 90 3.06 20.24 19.97 19.49 18. 74 17.70 16.17 13. 51 
----------------------------------------
2. 92 10. 36 20.48 .96 1. 32 1.69 2.05 2.40 2.75 2.92 20.39 20.10 19.64 18.91 17. 90 16.4 1 13.93 
-------------------------------------
---
2.78 10.36 20.51 . 80 1.17 1.54 1.90 2.26 2.60 2. 78 20.41 20. 14 19.66 18.94 17.92 16.45 14. 00 
-------------------------------------
---
2.63 10.43 20.51 .66 1. 03 1.40 1. 76 2.12 2.47 2.64 20.42 20.14 19.66 18.93 17.90 16. 41 13.88 
-----------------------------
-----------
2.49 10.66 20.50 .51 .89 1. 25 1. 61 1. 98 2.32 2. 50 20.40 20.12 19.62 18.89 17.83 16.28 13.55 
-------------------------------------
---
3.59 10.72 20. 46 .36 . 73 1.09 1. 45 20.37 20. 07 19.57 18.81 17. 73 16. 09 12.99 
-------------------------------------
---
3. 89 10. 95 20.43 20.33 20.04 19. 51 18.72 17. 59 15.84 11. 45 
-----------------------------
-----------
4.13 11.20 20.39 20.29 19.98 19.44 18.63 17.41 15.50 
----------------------------------------
4.33 11.50 20.34 20.23 19. 91 19.35 18.49 17. 19 14.99 
---------------------------------------
---
4. 42 11. 84 20. 28 9.38 20. 17 19.83 19.24 18.32 16.88 14.12 
----------------------------------------
4. 47 12.18 20.20 6.95 20.10 19.73 19.10 18. 10 16.49 
-----------------------------------------
4.47 12.57 20.11 6.20 9. 23 19.99 19.61 18.92 17.81 15.89 
-------------------------------------
---
4. 43 12.98 20.02 5. 99 8.30 11. 06 19. 89 19.48 18.72 17.48 14.92 
----------------------------------------
4.37 13. 41 19.91 6.10 7.96 9. 80 19.76 19.31 18.47 17. 00 
------ -------------------------------
---
4.26 13. SO 19.53 5.94 7.65 9.22 11. 11 19. 68 19. 19 18.26 16. 46 
-------------------------------------
---
14.35 19.69 8. 14 9.66 10. 96 19.51 18.94 17. 81 
-------------------------------------
---
14.83 19.90 9. 80 10.99 12. 42 19.70 19.35 18. 70 17. 24 
---------- - ----------
-_. 
-----------------
15.36 22.82 11. 33 12. 37 21. 95 19.71 18.39 
-------------- - ----------------------
---
15.89 12. 70 13.82 21.19 17.95 
-------------------------------------
---
16. 42 14.09 21. SO 16.69 
--- --------- - ------------------ - - ----
---
17.00 15. 55 19.55 
-------------------------------------
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Positive directions of axes and angles (forces and momenta) are shown by arrows 
Axis Moment about axis Angle Velocities 
Force 
(parallel 
Sym- to axis) Designation bol symbol Designation 
LongitudinaL __ X X Rolling _____ LateraL _______ Y Y Pitching ____ NormaL _______ Z Z yawing ____ 
Absolute coefficients of moment 
L M 
Ol=qr;s Om= qcS 
(rolling) (pitching) 
N 
O"=qbS 
(yawing) 
Linear 
Sym- Positive Designa- Sym- (compo- Angular bol 
L 
M 
N 
direction tion bol nent along 
axis) 
--
Y __ Z RolL ____ c/> u p 
z--x Pitch ____ 0 v q X __ Y yaw _____ 
'" 
w T 
Angle of set of control surface (relative to neutral 
position), o. (Indicate surface by proper subscript.) 
4. PROPELLER SYMBOLS 
D 
P 
p/D 
V' 
V" 
T 
Q 
Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 
Thrust, absolute coefficient OT= '!'D~ 
pn 
Torque, absolute coefficient OQ= ~Tl1i 
pnl.r 
p 
08 
n 
Power, absolute coefficient Op= fTl.~ 
pnLF 
5/ VO 
Speed-power coefficient = " Pn2 
Efficiency 
Revolutions per second, rps 
Effective helix angle=tan-{~;;n) 
5. NUMERICAL RELATIONS 
1 hp=76.04 kg-m/s=550 ft-Ibjsec 
1 metric horsepower=O.9863 hp 
1 mph=0.4470 mps 
1 mps=2.2369 mph 
1 Ib=0.4536 kg 
1 kg=2.2046 Ib 
1 mi=1,609.35 m=5,280 ft 
1 m=3.2BOB ft 

